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Introduction and objectives
The aim of this study was to evaluate the predictive ability of multiple social, and clinical factors for readmission after a severe acute exacerbation of COPD (AECOPD) during various time periods.
Methods
We performed a prospective cohort study in which recruited patients with AECOPD. We systematically collected numerous clinical (symptoms, pulmonary function, comorbidities, and treatment) and social (financial situation, housing situation, family support, caregiver overload, ability to perform activities, and risk of social exclusion) variables using several questionnaires and indices. The patients were followed closely for one year and readmissions at 30, 60, and 365 days were analysed.
Results
253 patients were included, aged 68.9±9.8years, FEV 1 = 42.1%±14.2%, and a Charlson's index = 1.8±0.9. Of these patients, 20.2%, 39.6%, and 63.7% were readmitted within the first 30, 90, and 365 days after discharge, respectively. In the multivariate model applied, the variables that were independently associated with readmission over all three periods of the analysis were dependence to perform basic activities of daily living (BADLs) (odds ratio [OR] = 2.10-4.10) and a history of two or more admissions within the previous year (OR = 2.78-3.78). At 90 days, a history of bacterial isolates in a previous sputum culture (OR = 2.39) and at 365 days, a high grade of dyspnoea (OR = 2.51) and obesity (OR = 2.38) were also identified as predictors of hospital readmission. PLOS 
Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most frequent respiratory diseases of our time, with high associated morbidity and mortality rates, and an important social and economic burden that is expected to increase in the coming years [1, 2] . This condition is characterized by its chronicity and frequent acute exacerbations that contribute to a significant deterioration of the patients' health, affect the disease's progression and control, and result in a strong demand for health care resources, with the consequent socioeconomic impact, which accounts for 60%-70% of the costs of this disease [1] [2] [3] . An additional problem associated with this condition is that a significant number of patients admitted to the hospital for an acute exacerbation of chronic obstructive pulmonary disease (AECOPD) will be readmitted in the following weeks or months, as demonstrated in many studies reporting readmission rates of 20%, 35%, and 60% at 30, 90, and 365 days, respectively [3] [4] [5] [6] [7] [8] [9] [10] . The detection of factors that may allow us to predict these events has been the subject of multiple research studies carried out in recent years, as this would allow us to stratify the risks more accurately and apply interventions aimed at the most vulnerable groups of patients [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Although the available literature is very heterogeneous, the most frequently described predictive variables can be categorized as those related to the patient (previous admissions, severity of the condition, need for oxygen therapy or at-home ventilation, older age, low quality of life, comorbidities, low socioeconomic level, low therapeutic adherence, or active smoking) and those related to the health system (duration of previous hospital admissions, absence of a defined follow-up program, or poor health education) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Although some studies have reported that the patients' deficient social situation are predictive factors for readmission and mortality, the analyses carried out to date have been very scarce and solely based on data regarding the patients' level of education, economic income, or the characteristics of the patients' home or caregivers and which have not been collected systematically [14] [15] [16] [17] . Experts in this field state that these variables must be included in the predictive scales [17] . In fact, the current US program that financially penalizes hospitals with a great number of readmissions has been criticized due to the fact that it does not make any adjustments for social aspects [18, 19] . Thus, it seems surprising that little emphasis has been placed on social dysfunction (financial situation, housing situation, family support, caregiver overload, ability to perform basic and instrumental activities, and risk of social exclusion), as the benefit that can be obtained by improving these variables would have a greater impact on the patient than small improvements achieved in their overall situation and pulmonary function [14] [15] [16] [17] .
Moreover, most studies have only analysed these factors at 30 or 90 days of hospital discharge, and the long-term evidence is much more limited, with no references on whether these predictive factors vary over time until the patients' readmission [4] [5] [6] [7] [8] [9] [10] [11] .
In this study we analysed the ability of multiple social, clinical, and demographic variables to predict the likelihood of a new readmission after a severe AECOPD from a formal point of view and during various time periods.
Methods

Design and setting
We designed a prospective cohort study in which we consecutively recruited patients with an index admission (first admission during the study period) due to a primary diagnosis of AECOPD at the Pneumology Service of a tertiary public hospital with a reference population of 375,000 inhabitants. The patients were recruited over a period of one year (2 January 2017 to 31 December 2017).
Patients who refused to participate and those in whom the diagnosis of COPD or AECOPD was ruled out during admission or follow-up were excluded from the study [1, 2] .
Data collection
The material and methods used in this study were explained in more detail in a previous publication [20] . On the 3 rd and 4 th day of admission, depending on the patient's clinical situation, the health personnel and a social worker requested the patients and caregiver a written and informed consent for their inclusion in the study and systematically collected their social, demographic, and clinical information by reviewing their electronic medical records and interviewing both the patients and their caregivers. The patients' demographic information, level of education, place of residence, usual means of transport, monthly income, and type of pension (contributory or not) were registered. In addition, their employment regime; type of housing (flat, house, nursing home, hotel); living characteristics (living alone); caregiver availability and remuneration; previous contacts with social services; dependence to perform basic activities of daily living (BADLs) measured according to Barthel's index [21] and to perform instrumental activities measured according to Lawton and Brody's index [22] prior to the admission; score in Barber's social fragility questionnaire [23] � ; social or family situation measured according to Gijón's socio-familial evaluation scale [24] ; and the informal caregivers' overload (when applicable) measured according to Zarit's test [25] . The social variables were transformed into dichotomous variables based on the recommended cut-off points [21, 22, 24, 25] .
The patients' clinical variables, month of admission, body mass index, previous and current smoking history, non-smoking causes of the COPD, average daily consumption of alcohol and other drugs, previous vaccinations (flu and pneumococcal vaccines), hospital admissions due to an AECOPD, cultures of respiratory samples performed within the previous year, impact of the disease and degree of dyspnoea prior to the AECOPD assessed with the COPD Assessment Test (CAT) [26] and the modified scale of the Medical Research Council (mMRC) [27] , FEV 1 value in the last spirometry performed, and levels of eosinophils and existence of evidence of anaemia in the blood tests performed at admission were all collected. The coexistence of other comorbidities was also recorded using Charlson's Comorbidity Index [28] and Goldberg's Anxiety and Depression Scale [29] , as well as the presence of obstructive sleep apnoea syndrome or atrial fibrillation. These were all grouped into a single variable for all cardiovascular diseases included in Charlson's index to which atrial fibrillation was added. In addition, the GOLD guidelines [1] were used to classify the patients according to their FEV 1 . Other dichotomous variables described in the results section were also created with the values of these indices and questionnaires (mMRC, CAT, Charlson, Goldberg) .
At discharge, the mean stays, the types of bronchodilator drugs administered (with or without inhaled corticosteroids), and the need for oxygen therapy or at-home non-invasive ventilation were also recorded.
All patients were followed for one year after their initial admission by reviewing their electronic medical records at 30, 90, and 365 days. The end of the follow-up was set at 365 days of their index admission or at the time of death (when applicable). The patients or their relatives were contacted by telephone in those cases in which there were any doubts or lack of information. All non-scheduled hospital admissions due to a medical pathology (non-surgical or traumatological) within the 365 days following the patients' discharge from their index admission was considered a readmission. In those cases in which the patients had been readmitted on several occasions, only the first one following their discharge from the index admission was included.
The STROBE guidelines [30] were followed for the methodology and the notification of results.
The sample size was calculated based on an estimated percentage of readmissions at three months of 35% and a confidence level of 95%, which allowed us to work with a statistical power of 97% to detect medium effect sizes and of 70% for small effect sizes of the predictive variables. The statistical power was higher than 80% as of 200 subjects and higher than 85% with 250 subjects.
The study was approved by the Research Ethics Committee of Galicia (code 2016/524).
Statistical analysis
An analysis was performed describing the number of cases and their percentage in the case of the qualitative variables, and the 95% confidence interval (95% CI), the arithmetic mean, and the standard deviation in the case of the quantitative ones. Contingency tables were created for the categorical variables using the number of cases and their percentage. These were subsequently compared using the chi-squared test or Fisher's exact test. The comparison of quantitative variables was performed using Student's T test. In order to identify the independent predictors of readmission over the three time periods analysed, a conditional logistic regression analysis was carried out in which all variables with a p <0.10 in the univariate model were included. The odds ratio (OR) was calculated with its 95% confidence interval (95%CI). Except for the age and the pack-years index, all other numerical variables included in the model were transformed into a dichotomous expression. The analysis was carried out using statistical software package IBM SPSS Statistics 21 (IBM Corporation, Armonk, NY, USA).
Results
A total of 253 patients were included in the study. Six of the patients (2.4%, 95%CI:0.5%-4%) who had agreed to participate in the study passed away during the initial admission process, three did not agree to participate in the study, and two were not included due to their severe condition. Fig 1 shows a flowchart describing the events that took place over the three time periods analysed. Tables 1 and 2 include a description of the global sample and the univariate analysis of the social, demographic, and clinical variables over the three time periods analysed. One third (75%) of the participants were men aged 60-70 years old, with a low level of education, who generally lived in their own family homes located near the hospital, half of which were located in the city, and a significant number of whom did not have their own means of transport. Four patients lived in hotels (1.6%) and two (0.8%) stayed at nursing homes. Most of them were pensioners, and more than half had low incomes. A quarter of the patients lived or slept alone. Almost half had some degree of dependence to perform certain BADLs (70% had a moderate-severe dependence), the majority for instrumental activities, and 60% had a risk or socio-familial problems. Despite the above, only half of the participants had caregivers, almost all of whom were informal and mostly women (spouses or relatives) who frequently suffered some degree of overload. Notwithstanding the above, only one fifth of the patients had contacted social services.
Compared to patients who have caregivers, those who live alone were less dependent on basic activities (17.3% vs. 53.1%; p = 0.0001) and instrumental (55.8% vs. 85.1%; p = 0.0001).
Most of the patients were overweight or obese, with a functionally severe COPD and a grade 2-3 dyspnoea according to the mMRC. In almost all cases, the COPD was a result of tobacco consumption. More than two thirds of the patients continued to smoke daily and one fifth of them drank alcohol excessively. Of the less than 10% of the participants who were drug users, most were included in methadone programs and only six consumed other substances of abuse (heroin) on a frequent basis. Although Charlson's index was low, slightly more than half of the patients had cardiovascular comorbidities, half of them suffered from anxiety or depression, and between one fourth and one fifth of them had diabetes, sleep apnoea, or mild anaemia. Forty per cent of the participants received at-home oxygen therapy and 15% received non-invasive ventilation.
Of all patients, 20.2% (95%CI: 16%-26%), 39.6% (95%CI: 33%-46%), and 63.7% (95%CI: 58%-70%) were first readmitted to the hospital within the first 30, 90, and 365 days after discharge, respectively. The average global rate of admissions was 1.3±1.6. Of the 156 patients who were readmitted, 83 (33.9%) were readmitted once and 73 (29.8%) were readmitted two or more times. Ninety-seven patients (62.2% of the total number of readmissions) were first readmitted within the first 90 days of discharge from their index admission.
All variables described in Tables 2 and 3 with a p <0.10 were included in the multivariate model, in such a way that if both the numerical variable and the dichotomous variable of the same predictor revealed an association, only the qualitative one was included. Table 3 outlines the variables that were independently associated with readmission over the three time periods analysed in the applied multivariate model, which, in all cases, were dependence to perform BADLs and a history of two or more admissions within the previous year. Table 4 shows the differences in the dependence of the readmitted and the non-readmitted patients according to the domains of Barthel's index over the analysed time period. Significant differences were detected in all time periods with respect to activities related mainly to mobility, followed closely by personal care. 
Discussion
This is the first published study that specifically and thoroughly analyses the influence of social (economic situation, housing situation, setting, family support, caregivers' burden, dependence to perform basic and instrumental activities, and risk of social exclusion), clinical, and demographic variables on the likelihood of short-and long-term readmission following discharge from an index admission due to a severe COPD. Only the patients' dependence to perform BADLs measured by means of a questionnaire not specifically designed for patients with respiratory pathologies and previous history of admissions were identified as predictors over any of the analysed time periods. Thus far, the available references regarding this topic are scarce and heterogeneous, as they were obtained from very diverse studies (from small case series to large databases of insurance companies) and centres forming part of health systems with varying forms of health care services and very disparate patient populations [7, 8, 10, 14, 31] . In contrast to the findings of other studies [7, 8, 10] , in our research, the patients' economic income, a low level of education, or poor family support (all determining factors of social and family risk) were not predictors of readmission, although it is true that most of our patients received some sort of economic compensation, had a place to live, and there were practically no cases of serious social isolation. It should also be noted that the Spanish Health System is universally accessible and free of charge at all levels of care, an aspect that could have influenced these results [31] . 1 Expressed as a mean ± standard deviation. 2 Calculed in smokers and former smokers. 3 Causes: alpha-1-antitrypsin deficiency (one man and two women), occupational (four men and two women), and biomass inhalation (two women).
Abbreviations: CAT: COPD Assessment Test; IC: inhaled corticosteroids; FEV 1 : forced expiratory volume in the first second; BMI: body mass index; mMRC: modified scale of the Medical Research Council; LABA: long-acting β2 agonist; LAMA: long-acting muscarinic receptor antagonists; OSAS: obstructive sleep apnoea syndrome.
https://doi.org/10.1371/journal.pone.0229257.t002 In our study, when adjusted, the variables of living alone, sleeping alone, or not having a caregiver were not related to a risk of readmission, as the patients that met these characteristics were much more independent to perform BADLs. However, the opposite was true for the patients with anxiety and depression. Thus, it seems that being dependent to perform the most BADLs is the social factor most closely related to a likelihood of readmission and, although this was already demonstrated in other acute or chronic diseases [32] , the evidence in this regard for COPD is very limited. Some recent reviews have analysed the term "frailty" as a syndrome that includes disability, together with physical and cognitive deterioration, as a predictor of readmission [7, 8] . However, the references mentioned are based on studies performed with patients with other pathologies, such as heart failure, and not specific to patients with COPD [33] . Some validation studies of predictive scales of readmission or mortality indirectly included some partial analyses of the influence of the patients' dependence to perform BADLs on the rate of readmission. Echevarría et al., in a validation study of the PEARL index to predict readmission or mortality, proved that by broadening the MRC dyspnoea scale by including a level at which the patient needs help to get dressed or go to the bathroom, the predictive ability of the index improves and that it is better than other multidimensional indexes that only include clinical variables [34] . A similar finding was described in a small Spanish study using the Edmonton Scale of frailty [35] . Other studies have also described poor physical activity as a predictor of readmission [36] .
Therefore, from this point of view, COPD should be considered more in terms of a "function" than a "disease", and an assessment of this domain should be added to the available predictive scales. Moreover, coordinated work with the social services should be implemented to improve the impact of the patients' dependence to perform BADLs so as to reduce the rate of readmissions based on the findings obtained in this respect for other pathologies [27] . This result could also reinforce the role of Pulmonary Rehabilitation in reducing short-and longterm readmission following discharge from an index admission due to a severe COPD [18] . The use of a non-specific index of respiratory pathology in this study, such as Barthel's index [21] , which is influenced not only by dyspnoea, but also by other functional mobility or cognitive impairments, or even by the patients' specific degree of support, could have influenced the strength that this variable had in our study. It is likely that Barthel's index reflects in a much more global way the true ability of each patient to perform their most basic functions [33, 37, 38] . Also, it could explain that other variables such as a low pulmonary function, a high number of comorbidities, or a high grade of dyspnoea, which in other studies were predictors of readmission, were only predictors in the unadjusted analysis in only one of the temporary evaluations carried out in our study. Although all of them are related to the patients' degree of dependence to perform BADLs, this relationship is not very powerful [39] .
A history of previous admissions due to COPD was also an independent predictor over the three time periods that were analysed in our study, especially in the case of patients who were readmitted two or more times within the previous year. This finding was also demonstrated in other studies [7, 8] and, in fact, was included in several validated predictive indices such as the PEARL, BODEX, or CODEX indices, among others [33] . Although it could be considered more of a consequence than a cause, its independent predictive capacity leads us to believe that some patients may have a COPD with a particularly strong demand for hospital management, added to the current limitations of the definition of severe exacerbation and the hospitalization criteria, which are not exempt from a certain degree of subjectivity and vary greatly among hospitals [6, 9] .
Other variables such as a history of bacterial isolation in a sputum culture or a high grade of dyspnoea have also been identified as predictors of hospitalization at 90 and 365 days, respectively. The presence of bacteria in the respiratory tract contributes to increase and perpetuate the chronic inflammation inherent to the COPD and requires close monitoring of patients with this condition [9] . The degree of dyspnoea has also been used as a predictive variable in many other studies also analysing readmission rates [7, 8] . The reason why dyspnoea was only an independent predictor in our study when analysing long-term readmissions could have been the number of long-term events and the complexity of the interaction among the great number of variables included in the study.
Obesity was also identified as a long-term predictor of readmission. However, the available evidence concerning this factor in cases of COPD is very controversial, given that, although some authors consider it to be a protective factor [39] , more recent studies suggest the opposite [40] .
The limitations of our study included, in the first place, the likelihood that the studied population and the care provided to the patients cannot be extrapolated to many other countries, especially with respect to the social variables. Nevertheless, the clinical and demographic characteristics analysed in our study were very similar to those described in an extensive European audit [6] . Another limitation was that we used scales that have not yet been widely validated in COPD to evaluate aspects such as the patients' dependence to perform basic and instrumental activities, caregiver overload, or social risk. However, we believe that in this disease, in which a considerable number of patients have multiple comorbidities, indices such as Barthel's index may reflect a more global picture of the patients' situation than others that exclusively focus on dyspnoea as the main conditioning factor of their limitations [38] . However, it is possible that the use of a questionnaire that combines dependence for activities in relation to dyspnoea such as those proposed by other authors could also have its usefulness in predicting these events [41] .
As for the strengths of our study, we would like to highlight the consecutive inclusion of patients, the systematic evaluation of many social variables by personnel specializing in social work, and the close monitoring carried out, which minimized the loss of information. Finally, we consider that the one-year follow-up was sufficiently long to analyse the impact of the patients' characteristics on the rate of readmissions for AECOPD over time.
To conclude, the patients' limitation to perform BADLs and their history of admissions for AECOPD within the previous year are the best predictive variables of the probability of readmission when adjusted for many other social and clinical variables, regardless of the time period considered for the prediction. Although additional studies are needed in this respect, we believe that the patients' dependence to perform BADLs should be included in the validation of new predictive scales for readmission after severe exacerbations.
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